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Abstract 
The problem of an edge crack directionally perpendicular to the Interface between two elastic 
layers bas receir ed considerable attention The problem is of particular Interest In the contest 
of turbine blades urliere nlultilayered thermal barrier coatings are deposited on nickel-based 
superalloy substrates to protect the substrate subject to mechanical loading and corrosive 
environment The surface flaws within the coatlng may lead to microcracks, which can 
propagate subcritically under those condit~ons Close to the interface the crack may either 
be branched along the Interface or may continue to propagate into the substrate The former 
leads to the delamination of the film whlle the later leads to the failure of the substrate In 
the contest of crack propagation in the coatlng, it IS lmportaiit to know whether the crack is 
stable or not, because unstable crack propagation may lead to the failure of the substrate In 
this thesls an analytical treatment of the state of stress in a notched bilayer system subject 
to a mode-I loading has been done A stability analysis of an edge crack In the coating is 
also carried out The results of the analysis are validated experimentally 
The coating-substrate system 1s modelled as a bilayer wh~ch is finite in thickness 
but infinite In the other two direct~ons Both the layers are assunied to be llnearly elastic 
The edge-crack is modelled as a straight cut perpendicular to the interface and is wholly 
contained in a single layer The stress and displacement compoiients are expressed in terms 
of the Fourler transform of some unknown functions which are determined by the boundary 
conditions On application of the boundary conditions the system reduces to a slngular lnte- 
gral equatlon involving crack opening displacement as the only unknown The fundamental 
solutlon of the slngular integral equation is derived by reducing it to a Rieniann-Hilhert 
problem and applylng some physlcal boundary conditions The results of the ailalys~s how 
that if the crack is in the elastically stiffer layer the associated stress intensity factor increases 
rap~dly with increasing crack length But if the crack is in the elastically more compliant 
layer the stress intensity factor first Increases and then rapidly decreases with lncreaslng 
crack length 
The state of stress is validated m case of a bimaterial in whlch one layer IS a brlttle 
polymer and the other layer is a metal The layers are bonded by means of an epoxy adhesive 
A notch is introduced in the polymer layer and the system is loaded In four po~nt  bending 
A straln gauge is pasted on the surface of the polynler layer at  a certa~n distance from the 
notch The model predicts a variation of s t ran wlthin the length of the strain gauge The 
average s t ran  agrees well with the expermental value 
The model is also vahdated by photoelastic technique m order to get the stress 
intens~ty factor Here the bimaterial sample is prepared using a commerc~al birefringent 
material and a polymer The notch is introduced in the birefringent layer The isochromatic 
fringe pattern obtained by loading the sample in four point bending IS compared with that 
from the model The stress intensity factor is deconvoluted from the fringe pattern The 
difference in experimental and theoretical values of the stress Intensity factor is within 5% 
Our next objective is to experimentally study the effect of an elastically stiffer layer 
on the crack propagation behaviour in the other layer Towards that end we choose PMMA 
as a brittle polymer layer and high speed Steel as a stiff layer In order to observe the effect 
of the interface we choose crack lengths whch are more than half the layer thickness First 
the critical stress lntenslty factor (SIF) during crack propagation for a single PMMA layer 
is determined as a function of crack length The experiment is repeated for the PMMA-HSS 
bilayer and the trajectory of crack IS monitored In both the cases the SIF remans virtually 
constant wlth respect to crack length and equal to the fracture toughness of PMMA 
